Abstract Invasive species currently account for a major threat to global biodiversity, and island ecosystems are among the most vulnerable, because of the frequency and success of species introductions on islands. Within Mediterranean islands, reptiles not only are frequently introduced species but are also among the most threatened because of these introductions. The Balearic archipelago is a good example of this, since only two of its current 16 species of reptiles are native. Thirteen years ago, the snake Hemorrhois hippocrepis was introduced by cargo in Ibiza island, and it is in expansion. Individuals obtained from an early eradication campaign showed a fast expression of phenotypic plasticity and acquired larger sizes than those of the source population, probably due to a high prey availability and predator scarcity. The species is thriving at the expense of a small variety of native and non-native prey, but the predation pressure on the endemic Podarcis pityusensis, the only native reptile in the island, is very high, as this lizard represents 56% of the prey in frequency, which might threaten its survival on the long term. Our results on the feeding ecology of the snake are of sufficient concern to justify the maintenance of actions to eradicate this invader.
Introduction
Introduction and establishment of alien invasive species is one of the major threats to biodiversity on a global scale (Brooks et al. 2006) . Island ecosystems are among the most vulnerable to invasive species, mainly due to the intrinsic traits of their native biota. Species that have evolved for a long time in islands are usually unsuccessful competing and avoiding being predated by newcomers and are also more vulnerable to parasites brought by invaders (Whittaker and Fernández-Palacios 2007; Simberloff et al. 2013 ). The Balearics have been isolated from the continent for 5.33 million of years, and its biota has evolved to adapt to these insularity conditions and experienced natural extinction processes during the PlioPleistocene (Bover et al. 2008 ) and human-mediated ones by the end of the third millennium BCE, when humans colonized the islands, and alien species introductions started (Pinya and Carretero 2011) . Some of these introductions, like that accomplished by two mammals, Martes martes and Mustela nivalis, together with an introduced snake, Macroprotodon cucullatus, have been considered responsible for the extinction of the native lizard Podarcis lilfordi in the main islands (Mallorca and Menorca; Alcover et al. 1981) . The ability of reptiles as invaders is due in part to their biological characteristics: as ectotherms, a low metabolic rate allows them to survive in the absence of trophic resources during transportation; their secretive behavior makes them undetected during the first stages of the introductions; and they are able to show a rapid ecological niche shift when facing a new environment (Carretero 2004; Kraus 2009 ).
Within reptiles, snakes are a good example of harmful invasive species in islands, often having devastating impacts on native fauna (Martínez-Morales and Cuaron 1999; Guicking et al. 2006; Monzón-Argüello et al. 2015) . Until quite recently, all except two of the 63 Mediterranean islands larger than 75 km 2 harbored at least one snake species, in most cases introduced; the exception were the westernmost Balearic islands, also called the Pityusic islands, Ibiza, and Formentera, which were never colonized by snakes (J.A. Mateo, com. per.) , offering for these reptiles an empty niche scenario. Pliny the Elder realized this, when two thousand years ago he wrote "Ebusi, terra serpentes fugat", stating that Ibiza was free of snakes and that these could not thrive there; nowadays, it can be stated that he was wrong. In between 12 and 13 years, three species of snakes (Hemorrhois hi p po crepi s, Rhin ec his s cala ris, and Ma lpolo n monspessulanus) were introduced in Ibiza by accident, transported from southern Iberian Peninsula within old ornamental olive trees, and apparently in high numbers (Mateo et al. 2011) . However, there have not been any records of M. monspessulanus in Ibiza during the last 6 years, and R. scalaris has been captured in a low rate which might mean that the first species failed in establishing and disappeared, while the second does not seem to have adapted well. But this is not the case of H. hippocrepis, which is expanding in Ibiza (Montes et al. 2015) .
H. hippocrepis is a rather large-sized, slender-bodied, and long-tailed colubrid; it is distributed throughout the Western Mediterranean, being present in the southern two thirds of the Iberian Peninsula, northwestern Africa, and islands of Pantelleria, Sardinia, and Zembra, where it was also introduced (Pleguezuelos and Feriche 2014) . In 2003, the species was reported for the first time in Ibiza, a rather topographical homogeneous island, where climate matches that of the source areas of the species, and where since then it has been repeatedly introduced by human assistance (Mateo et al. 2011) , being these all the circumstances that predict a high spread rate of alien herpetofauna (Liu et al. 2014) . It is thermophilic, rupicolous, and a frequent species in the thermomediterranean and mesomediterranean bioclimatic regions, where it thrives in open and sunny spaces with bare rocks and scrub formations, besides human constructions, which are often used as habitat and shelter. It is an active forager that feeds almost exclusively on vertebrates (Pleguezuelos and Moreno 1990) , thus representing a main threat to the native island vertebrates. Ibiza's ecosystems host some unique endemisms that could be suitable preys for the newcomer, like pulls of the Balearic shearwater (Puffinus mauritanicus), the Balearic warbler (Sylvia balearica), and the most iconic one, the Ibiza wall lizard, Podarcis pityusensis. This lizard ranges through the main island and 39 of the islets surrounding it, most of them housing distinct subspecies, and have introduced populations in another Balearic island and in the Iberian Peninsula (Salvador 2014). Aside its intrinsic, biological value, this endemism has an economic and social value for the island. Being the only native reptile, it is very popular and became a symbol that appears contoured in any signal or pamphlet referring to the biodiversity of the island. Besides this, it is also highly present in its tourism, the main income for the island (on clothing, jewelry, restaurants, hotels, paintings, sculptures …), and in its culture (Pérez-Mellado 2009) .
Ecological niche models show current low habitat suitability in the Balearics for H. hippocrepis, with predictions for high suitability in Ibiza, in most climate change scenarios, by 2080 (Silva-Rocha et al. 2015) ; however, the species is perfectly thriving currently in Ibiza, and preliminary data show a fast spreading and large body size of individuals (Montes et al. 2015) . These are signs of a good feeding and low mortality rate in Ibiza, given the absence of almost any natural predators, the latter being named the enemy release hypothesis (Liu and Stiling 2006) . Because of evidences on the rapid range expansion of the introduced snake and the potential risk posed for the native fauna, in 2014, the Island Administration begun an eradication program mostly based on trapping (Montes et al. 2015) .
Improved understanding of the characteristics of successful invaders is necessary in order to counteract invasions and their negative impacts on ecosystems and develop management strategies (Liu et al. 2014) . Diet studies on invasive species can shed light not only on applied aspects of its invasion success and effects on the native biota but also on evolutionary issues like local adaption and plasticity (Almeida et al. 2012; Riofrío-Lazo and Paez-Rosas 2015) . We use the specimens afforded by the eradication program to analyze the diet habits of the H. hippocrepis introduced in the Ibiza island and compare these and other ecological traits of this population with conspecifics from the source population (southern Iberian Peninsula), with another native population (northwestern Africa), and with two populations introduced in other Mediterranean islands (Sardinia, Pantelleria). The main goal is to seek for the negative impact on Ibiza's biota, particularly on some endemic species like the lizard P. pityusensis. As comparisons of prey composition between the Ibiza population of H. hippocrepis and other native or introduced populations will simply reflect variation in prey availability (Monzón-Argüello et al. 2015) , we also seek for the variation of other measures commonly used in feeding ecology, indicators of the success of this species as alien invader in the island. Thus, we also investigated (i) the trophic diversity, under the hypothesis that in this introduced population it must be low, considering the usual reduced richness of potential preys in islands (Whittaker and Fernández-Palacios 2007) ; (ii) the snake and prey size, under the hypothesis that the large body size of introduced snakes (Montes et al. 2015 ) is favored by feeding on larger preys (Boback 2003) , based on the rule that relates predator and prey size in ophidians (Arnold 1993) ; and (iii) the feeding rate and body condition, under the hypothesis that introduced individuals feed more frequently and are in better body condition than the ones in their native areas, given the naïve prey presence (Paolucci et al. 2013 ).
Methods
Ibiza, with 572 km 2 of area and 475 m asl of maximum altitude, is the largest of the Pityusic islands and exhibits a mean annual temperature of 17.9°C, and the average yearly rainfall is 413 mm (Ibiza Airport weather station, 38°52′ 22″ N, 1°22′ 23″ E; www.aemet.es). The landscape is characterized by a mosaic of two habitats, pine forests (Pinus halepensis) and cultivated land (orchards, cereal crops), with scattered patches of garrigue (Quercus coccifera, Juniperus phoenicea).
The individuals for this study come from the entire area invaded by the species, an area of 148 km 2 in the northeastern quarter of the Ibiza island (38°58′ −39°05′ N, 39°2′ −39°4′ E; range in Ayllón 2015) , and were captured during the 2013-2015 period by the Island Administration staff during eradication campaigns (details in Montes et al. 2015) . Specimens were sacrificed in a veterinary facility within the island (except 18 roadkills) and preserved in ethanol in the collection of the Granada University. In total, 293 specimens (142 males, 118 females, 33 immature) were examined. Before fixation and preservation, snout-vent length (SVL) was measured to the nearest millimeter and biomass to the nearest 0.1 g. Gut contents were checked by making a mid-ventral incision and prey items were identified to the species level. Some micromammals were identified by their hair remains according to Teerink (2004) , under magnification (×400). Only prey in good conditions were measured (SVL, ±1 mm) and weighed (±0.1 g), after draining them on paper towel. Weight of partially digested prey was estimated by comparison with conspecifics from the study area and from the bibliography (Gosàlbez 1987) , considering this trait at the time of ingestion. While most prey remains were accurately measured for body length, body weight had to be inferred for many of them; for this reason, prey body length was used in comparisons.
The diet of H. hippocrepis is rather well known through its range, both for native (southern Spain and northern Morocco; details in Pleguezuelos and Moreno 1990; Pleguezuelos and Fahd 2004) and island-introduced populations (southern Sardinia and Pantelleria; details in Luiselli et al. 2012; Cattaneo 2015) , favoring comparisons. To test if there was a difference in feeding frequency (the frequency of individuals having gut content) between pairs of locations, we used the Pearson chi-squared test. Prey frequency of the snakes was compared among all regions and between pairs of regions by the same test, using only animals with gut content. To compare the diet of H. hippocrepis among the five regions with quantitative data, and because of statistical constraints, we reduced the number of prey types to four: (i) lizards, (ii) small micrommamals (below Rattus size), (iii) large micromammals (Rattus size and above), and (iv) other prey (other reptiles, amphibians, birds, invertebrates; Table 1 ). Food-niche breadth was calculated according to Shannon's index; to calculate this index, specimens without gut contents or with unidentified prey were not considered. Absolute snake and prey size (SVL, weight) were compared between populations (the source one in southern Spain and the introduced one in Ibiza) by t test and M-WU test and prey size relative to snake size by ANCOVA, after testing for the homocedasticity of variances.
Body condition (the relationship between body mass and body length) is considered as an accurate indicator of foraging success in snakes (Bonnet et al. 2001) . The body mass variability is influenced by fat-body reserve (Bonnet et al. 2003) ; thus, we estimated body condition according to the importance of fat bodies (Waye and Mason 2008 ). Because we were not able to accurately weigh fat bodies from some road-killed specimens, we scored fat body level of the H. hippocrepis from Ibiza in five visual categories: zero, no traces of fat; one, small traces of fat among intestine loops; two, fat bodies covering less than half of the intestinal surface; three, fat bodies covering more than half of the intestinal surface; and four, a continuous fat layer in the ventral zone of the abdominal cavity. This procedure was already followed for the source population (Pleguezuelos and Feriche 1999) thus, enabling direct comparisons. Fat-body reserves in snakes tend to exhibit ontogenetic, sexual, and seasonal shifts (Santos and Llorente 2004) ; we minimize the variability of data by comparing this trait according to sex, only for adult specimens (SVL > 500 mm in males and SVL > 680 mm in females; Pleguezuelos and Feriche 1999) , and only for the springsummer seasons. Since body size in reptiles can vary with altitude, introduced source area comparisons have only considered data (SVL, body weight, fat-body level) from source area (S Spain) specimens collected below 475 m asl, the maximum altitude of the Ibiza island. However, because of the little sexual size dimorphism and the lack of sexual differences in diet for the source population (Pleguezuelos and Feriche 2014), we did not take into account the sex of the individuals in the diet analysis. Correlation between snake body length and prey body length was fitted to the best regression type. Distributions of data were checked for normality prior to analyses, and in this article, mean values are followed by ± one standard deviation with alpha set at 0.05. All comparisons in multiple tests were significant after the Bonferroni correction.
Results
Only seven prey species appeared in the diet of H. hippocrepis in Ibiza, 63.4% were reptiles (55.4% P. pityusensis, 6.7% Tarentola mauritanica, 1.3% Hemidactylus turcicus), 35.1% were mammals (16.2% Apodemus sylvaticus, 10.8% Mus sp., 2.7% Rattus rattus, 5.4% unidentified micromammals), and one prey was a bird (1.3% Turdus merula pulls; Table 1 ); thus, 56.7% of prey were native to Ibiza (P. pityusensis and T. merula). When prey mass was considered, the importance of mammals plus birds as prey increased (74.4%).
There was a geographic shift in diet (4 × 5 table, χ 2 = 134.26, p < 0.0001; Table 1 ); the composition of the diet of the Ibiza population differed from that of all other populations (2 × 4 table, χ 2 test, p < 0.0001 in all comparisons between Ibiza and other regions), particularly in that there was an excess of lizards with respect to the continental plus Sardinian populations (2 × 2 table, χ 2 test, p < 0.0001 in the three comparisons), and only the Pantelleria population did not significantly differ from the Ibiza population in the rate of lizard consumption (2 × 2 table, χ 2 = 1.78, p = 0.18). As a consequence of the dominance of P. pityusensis in the diet, trophic diversity for the Ibiza population was the lowest, despite the sample size for this island was much larger than for the other regions (Table 1) . For the Sardinian population, prey-type number and diversity index were probably infrascored, because 13 prey items were determined at the coarse level of "bird" prey type. In general, trophic diversity was lower in island populations with respect to mainland ones (Table 1) .
Prey size of H. hippocrepis from Ibiza, as measured by prey SVL, averaged 62.6 ± 23.0 mm (n = 47) and ranged from 22.8 mm (H. turcicus) to 150.0 mm (R. rattus). It was larger than the prey size of the native population of southern Spain (from the raw data in Pleguezuelos and Moreno [1990] ; t = 3.33, d.f. = 136, p = 0.0017). However, Ibiza individuals did not predate significantly on relatively larger prey (ANCOVA, with prey SVL as dependent variable, snake SVL as covariate and region as grouping factor; F 1,134 = 2.80, p = 0.09; Levene's test for homogeneity of variances, p = 0.147). There was a positive relationship between snake body length and prey body length for the Ibiza's population (r = 0.630, n = 47, p < 0.0001), although an ontogenetic shift in prey type hardly appeared, as the main prey, P. pityusensis, was preyed by snakes of a wide spectrum of body size; the biggest prey, R. rattus, was preyed by the largest snakes (Fig. 1) . Body size of individuals of H. hippocrepis from Ibiza was larger than that of individuals from the source region (southern Table 1 Data on feeding ecology of five populations of Hemorrhois hippocrepis from the Western Mediterranean. Prey types have been reduced to four operational groups to avoid zero cases. In the Ibiza population, small micromammals were 12 Apodemus sylvaticus, eight Mus sp., and four undetermined micromammals; all large micromammals were Rattus rattus; all lizards were Podarcis pityusensis; other prey were five Tarentola mauritanica, one Hemidactylus turcicus, and one Turdus merula nestlings. For a detailed composition of the diet of the other populations view the sources (Pleguezuelos & Moreno, 1990; Pleguezuelos & Fahd, 2004; Luiselli et al., 2012; Cattaneo, 2015 Body condition of adult Ibiza individuals, measured by fat body level, was higher than in individuals from southern Spain (from the raw data in Pleguezuelos and Feriche [1999] ), either in males (mean = 3.49 ± 0.79, n = 119 vs mean = 2.22 ± 1.24, n = 59; M-WU test, Z = 6.41, p = 0.0001) or females (mean = 2.93 ± 1.21, n = 49 vs mean = 2.11 ± 1.25, n = 36; M-WU test, Z = 2.85, p = 0.003).
Discussion
The most commonly considered ecological impact from alien species is predation on sensitive native species (Kraus 2009 ). Analysis of the dietary habits of H. hippocrepis in Ibiza has confirmed a strong predation on the endemic lizard P. pityusensis, which makes up the largest proportion of prey. This is a concerning result for the integrity of the native and endemic fauna of the rather small Ibiza island. P. pityusensis is the only endemic vertebrate in Ibiza, and its sibling species, P. lilfordi, disappeared from the two largest Balearic islands (Mallorca and Menorca) by predation of other introduced species (Bover et al. 2008; Pinya and Carretero 2011) . Indeed, reptiles are not only among the most introduced vertebrate group in Mediterranean islands but also among the most affected by introduction of other reptiles (Kraus 2009 ). The secondary prey for H. hippocrepis in Ibiza in frequency, but primary in biomass, are micromammals (A. sylvaticus, Mus sp., R. rattus), aliens in Ibiza, thus, of no conservation concern. However, these aliens, of early arrival and high reproductive rate, are providing food resources for later aliens, like H. hippocrepis, in a process named invasional meltdown (Simberloff and Vonn Holle 1999) , probably with synergic and badly effects on the native prey, in this case, P. pityusensis.
H. hippocrepis is a rather generalist in diet where the species is native (Pleguezuelos and Fahd 2004) . The low diet diversity showed by the Ibiza newcomer individuals would be the consequence of the low prey-type richness for this snake in that island. Although this might seem obvious at first hand, and in accordance with MacArthur's theory of island biogeography (where diet diversity is expected to be lower on islands than on mainland), the present literature provides both according (Alivizatos et al. 2005 ) and conflicting cases (Clevenger 1993) with it. However, its diet in the study area was not only reduced in terms of prey type but was also more dependent on lizards than any mainland native population (Pleguezuelos and Moreno 1990; Pleguezuelos and Fahd 2004) and other island-introduced populations, like Sardinia (Corti et al. 2000; Luiselli et al. 2012) . Only conspecifics from another small island, Pantelleria, included many lizards in their diet (Cattaneo 2015) , although the case in that island is not much comparable, since there the snake is feeding on an alien and invasive lizard, Podarcis sicula (Capula 1994) . We confirm our hypothesis on the low trophic diversity of that population and suggest that the feeding habits of H. hippocrepis from Ibiza reflect the high availability for this snake of a yet abundant and naïve prey: the endemic lizard P. pityusensis that evolved in a snake-free island during the Pleistocene (Bover et al. 2008) . The fall of this symbol would not only mean a huge loss for the island's natural and cultural heritage but could also trigger negative cascading effects on some plant populations/species that depend on it (Pérez-Méndez et al. 2016) , as the lizard provides an important role as seed disperser (Riera et al. 2002) . As in many other cases (Close et al. 2002; Garibaldi and Turner 2004) , the embracement of this symbol by the local communities might be the key to its conservation and the control/eradication of the aliens.
We also confirmed that H. hippocrepis individuals from Ibiza are larger than the native ones from southern Spain, the source population. Contrasted body size has been widely recorded between conspecific snake populations in mainland and islands (Shine 1987; Boback 2003; Aubret et al. 2004 ). Nearby to our study area, R. scalaris introduced in the islands of the Mediterranean coast of France showed large body size (Cheylan and Guillaume 1993) , just like M. cucullatus introduced in the other Balearic Islands (Salvador 2014), or H. hippocrepis in Pantelleria (Cattaneo 2015) . Large body size (in some cases gigantism) is one type of island syndrome (Pafilis et al. 2011) . But the most striking fact of this case study is that in Ibiza's H. hippocrepis, this phenotypic change has occurred in a very short period, as the species was introduced in the island only 13 years ago, providing an impressive example of the fast rate at which phenotypic plasticity can take place after the invasion of a novel habitat (within ecological time scale; Herrel et al. 2008) . Certainly, islands provide unusual environmental conditions that trigger rapid phenotypic (and evolutionary) changes in snakes (Aubret 2015; Luiselli et al. 2015) .
Variation in snake body size between mainland and island populations has been interpreted as a consequence of differences in prey abundance and/or prey size between both environments (Boback 2003) . Higher prey abundance in the islands would be translated in a higher feeding success of snakes, and their concomitant effect on the body condition of individuals (Bonnet et al. 2001) , and the same applies when aliens ingest larger prey (Boback 2003) . Indeed, individuals from Ibiza showed a higher body size and level of abdominal fat bodies when compared to the mainland populations (Pleguezuelos and Feriche 1999; Montes et al. 2015) . However, conflicting results were also found, as in Ibiza there were few individuals with gut content. Moreover, although there was a difference in prey size between Ibiza alien and southern Spain native snakes, this difference was rather the result of larger body size of Ibiza snakes, as there was no difference in relative prey size between both populations. The average prey size for the Ibiza snakes is mediated by the high frequency on the diet of a rather small prey, the lizard P. pityusensis. Accordingly, our results do not support the hypothesis that the large body size of introduced H. hippocrepis is the consequence of the availability of largest prey in the island (Boback 2003) .
Thus, if the large body size and good body condition of Ibiza's H. hippocrepis do not rely on the largest size of their prey, we suggest that our results on the feeding frequency are misleading. In ectotherms, the physiological response to feeding varies dramatically among organisms due mainly to the effects of meal size and body temperature (Secor 2003 , Wang et al. 2003 . Smaller meals are digested faster than larger ones (Secor and Diamond 1997) , and we suggest that we found relatively few fed snakes in Ibiza because they ingest rather small and slender-bodied prey, like P. pityusensis, of fast digestion. In ectotherms, higher body temperatures elevate metabolic rates and shorten the time of the passage of ingesta through the gut (Lillywhite et al. 2002) , probably the case of H. hippocrepis in Ibiza, distributed in lowlands, where the temperature is warm (Guijarro 2002) , providing a suitable thermal envelope for this thermophylous snake. Moreover, among snakes, gracile species are also characterized by short time of passage of the ingesta (Lillywhite et al. 2002) , and H. hippocrepis is a slender-bodied snake. To support this statement, three anecdotal records have been obtained of only 55-60 h for the gut passage of a lab mouse, in two average sized snakes kept in an outdoor enclosure in Ibiza (unpublished results).
There is an alternative hypothesis behind the larger body size and high abdominal fat level of individuals from Ibiza. Despite the lack of quantitative data on predation pressure on this snake in the island, only two of the seven predators identified for the species in southern Spain are in the island (Falco tinnunculus and feral Felis silvestris; Pleguezuelos and Feriche 2014) . Moreover, almost all the individuals from Ibiza have shown tail integrity and are devoid of other body scars, these circumstances being proposed as parameters for measuring predation risk in snakes (Santos et al. 2011) . Suitability of the host region for aliens may be increased by the absence of predators (Kraus 2009 ). The paucity of the predator community and the scarcity of signals of (failed) predation events, suggest a scenario of predation release (Liu and Stiling 2006) , which would favor longevity and large body size of H. hippocrepis, turning the snake into a nutrient sink in the island (Greenlees et al. 2006) .
After the analysis of diet habits, body size, and body condition, we conclude that the population of H. hippocrepsis recently introduced in the Ibiza island threatens its biodiversity. The snake relies on the abundance and/or easy predation of the island, naïve, primary prey (P. pityusensis), threatening the conservation of this endemic lizard. Moreover, the threat would be much more acute for the lizard subspecies in the surrounding islets, all nearby the main island (within 5 km from coastline, 1.17 km on average), and most maintaining a small population of lizards (29 ssp. have been described; Salvador 2014); if the alien snake arrives to any of them, it would lead to the extinction of a unique evolutionary unit, because of the lack of alternative prey. This possibility is real, as the snake has been observed in the sea swimming at least five times, and a shed has been obtained from one islet (unpublished results). Our results warrant the current eradication measures as well as the improvement of resources invested in these (Montes et al. 2015) . Because of evidences here afforded, we also suggest a regular census of the lizard, as an alternative method to monitor the impact of predation (Monzón-Argüello et al. 2015) .
